Basic fibroblast growth factor (bFGF) stimulates the replication of preadipocytes and inhibits their differentiation. In this study we explored whether the same or related polypeptides were produced locally and acted by paracrine /autocrine mechanisms in adipose tissue. Omental preadipocytes from 7 lean and 10 massively obese (> 170% reference) subjects were grown to confluence in subculture. Total RNA was hybridized with a synthetic deoxynucleotide for human bFGF. In the case of all cell strains, there was expression of two major bFGF transcripts, 7.0 and 3.7 kb. Although there was considerable variation in the degree of expression, preadipocytes from massively obese subjects revealed much greater expression than did cells from the lean (P < 0.001). In studies of conditioned media prepared with preadipocytes, the presence of proteins belonging to the heparin-binding (fibroblast) growth factor family was indicated by Western blot analysis, for a 66-kD protein with anti-(1-24)bFGF, and for a 32-kD protein with anti-(40-63)bFGF antibodies. The relative quantity of the 66-kD protein correlated with body mass index at r = 0.72. bFGF-related proteins probably function normally to maintain an appropriate complement of adipocyte precursors. The augmented expression of heparin-binding growth factors in preadipocytes from some massively obese people probably contributes to the excessive cellularity of their fat depots. (J. Clin. Invest. 1992. 
Introduction
The mechanisms responsible for normal development and maintenance of the cellular composition of adipose tissue are only known to a limited degree ( 1, 2) . While adipose cells (preadipocyte and adipocyte) and endothelial cells must undoubtedly interact, the details require clarification (3) . Further, the following two aspects are of both fundamental and clinical significance: first, the mechanisms responsible for regional, cellular, and metabolic variations between adipose depots, as well as the pathologic extension of these disparities resulting in "abdominal obesity," and secondly, the factors leading to the adipocyte hyperplasia characteristic of massive obesity.
Basic fibroblast growth factor (bFGF),' and probably other members ofthe heparin-binding ( fibroblast) growth factor family contribute to the induction ofembryonic mesoderm and are mitogenic for various mesenchymal cells (4, 5) . The well-characterized 16-1 8-kD bFGF, as well as related higher molecular mass polypeptides from bovine pituitaries, also stimulate the replication of cultured preadipocytes (6, 7) . Because bFGF also inhibits adipose differentiation, it may well contribute significantly to the size of the preadipocyte pools in fat tissue (8, 9) . In addition to influencing cellular content, the potent angiogenic effect of bFGF is probably critical during the development of various tissues, including adipose depots (10) .
Recent studies indicate that bFGF and related polypeptides are produced in a variety of tissues, where they may have a paracrine/autocrine function. Indeed, this report will describe that cultured human preadipocytes themselves express mRNA encoding for a protein(s) related to bFGF and produce such a protein(s). In addition, preadipocytes from some massively obese subjects reveal much greater expression.
Methods
Culture ofpreadipocytes. Preadipocytes were isolated and grown from human and rat adipose tissue according to previously reported methods (1 1-15 with a protein assay kit (Bio-Rad Laboratories, Richmond, CA), which was calibrated with gamma globulin (Bio-Rad Laboratories) ( 17) .
Assay of mitogenic activity. Cell replication was determined by quantifying the incorporation of[ methyl-3H ] thymidine into trichloroacetic acid-insoluble macromolecules (DNA) of rat perirenal preadipocytes ( 1 1-13). Rat perirenal preadipocytes were chosen because virtually all these cells could be induced to undergo adipose differentiation in the first and second subcultures, thus confirming their preadipose nature (9) .
The preadipocytes in the second or third subculture were plated on 24-well plates at a density of 10,000 cells per well in 0. 5 Laurent, QU). All determinations were conducted in triplicate.
Heparin-agarose affinity chromatography. Samples were applied to heparin-agarose columns (Affi-Gel heparin gel; Bio-Rad Laboratories) that had been equilibrated with 10 mM sodium phosphate buffer (pH 7.4) containing 0. 15 M NaCl. The column was washed with the same buffer solution, and then eluted with 10 mM sodium phosphate buffer (pH 7.4), containing, sequentially, 0.6 M NaCl, 1.1 M NaCl, 2.0 M NaCl, and 3.0 M NaCl at a flow rate of 10-20 ml/h'. Fractions were collected, pooled, concentrated, and assayed for their ability to stimulate replication ofrat perirenal preadipocytes. Fractions containing heparin-binding growth factors were detected using standard ELISA procedures with anti-(40-63)bFGF antibodies and the chromogen 2,2'-azino-di-[ 3-ethylbenzthiazolin-6-sulfonic acid] (Bio-Rad Laboratories).
SDS-PAGE and Western immunoblotting. Slab gels (12.5%) were run in the buffer system of Laemmli ( 18) RNA isolation and Northern analysis. Total cellular RNA was isolated using the method of Chomczynski and Sacchi ( 19) . Where appropriate, all solutions and containers were treated with diethyl pyrocarbonate and/or autoclaved to prevent RNA degradation. Briefly, the confluent cells were washed three times with ice-cold PBS. Denaturing solution (-1 ml/ 107cells, 4 M guanidinium thiocyanate, 25 mM sodium citrate, 0.5% N-lauryl-sarcosine, 0.1 M 2-mercaptoethanol, pH 7.0) was then added, and the cell suspension was harvested by scraping and transferred to sterile 15-ml polypropylene tubes. Sequentially, mixing after each addition, (a) 2 M sodium acetate, pH 4.0, (b) watersaturated phenol, and (c) chloroform-isoamyl alcohol (49:1) were added to the (d) denaturing solution (0.1:1:0.2:1; vol/vol/vol/vol). The final suspension was shaken vigorously for 10 s, then incubated for 15 min at 0-40C. Samples were centrifuged at 10,000 g for 20 min at 4VC. After centrifugation, the aqueous phase was transferred to fresh tubes and mixed with 1 vol of isopropanol, and the tubes were then incubated at -20°C for at least 1 h (usually overnight) to precipitate the RNA. Sedimentation at 10,000 g for 20 min was performed again, the RNA pellet was resuspended in 0.6 ml of the denaturing solution, and precipitated with 1 vol ofisopropanol at -20°C for 1 h. The resulting RNA pellet was resuspended in 70% ethanol, sedimented, dried in a vacuum, and dissolved in 50-200 ,l diethyl pyrocarbonate-treated water at 65°C for 10 min. For isolation of RNA from adipocytes and whole adipose tissue, floating lipid was removed from the solution D homogenate after centrifugation ( 10,000 g) and the aqueous phase was treated, as detailed above, as the cultured cell suspension. Quantity and purity of the RNA was estimated at A260 and A280 using a spectrophotometer (model DU70, Beckman Instruments, Inc., Palo Alto, CA).
40 ,ug oftotal RNA from each subject was treated with 2.2 M formaldehyde in 50% formamide, 200 mM Hepes, pH 7, at 65°C for 15 min and RNA was separated by electrophoresis in 1% agarose/2. Hybridization was conducted for 24 h at 65°C in hybridization buffer ( 1 M NaCl, 50 mM Tris-HCl [pH 7.5 ], 10% dextran sulfate, 1% SDS, 100 gg/ml denatured salmon sperm DNA, and probe 5 X 106 cpm/ nml). This buffer provided an optimum signal-to-noise ratio. After hybridization, the filters were washed under conditions of high stringency in 2X SSC (0.3 M NaCl, 0.03 M Na3citrate* 2H20, pH 7.0), containing 0.1% SDS according to the manufacturer's instructions. Signals were detected at -70°C with intensifying screens on X-OMAT AR film (Eastman Kodak Co., Rochester, NY Results mRNA hybridization with bFGFcDNA. Fig. 1 shows autoradiograms of agarose gels displaying hybridization of total RNA from preadipocytes using a human bFGF cDNA probe. The main hybridizing species were 7 and 3.7 kb in size. Considerable variation in mRNA levels related to bFGF occurred between preadipocytes from different subjects (Fig.  1 ). In addition, preadipocytes from massively obese subjects 1, 2, 5, 6, 7, 8, and 9 had appreciably higher levels of mRNA related to bFGF than did preadipocytes from seven lean persons. Fig. 2 shows the levels ofmRNA related to bFGF expressed relative to ribosomal 28S RNA. Again, the values for preadipocytes from massively obese subjects 1, 2, 5, 6, 7, 8, and 9 were considerably higher than those for analogous mRNA from seven lean subjects.
Comparison of the mean level of mRNA related to bFGF for all preadipocytes from all lean subjects with that for all massively obese persons indicated a significantly higher value for the obese at P < 0.001. As shown in Fig. 3 , moreover, regression analysis indicates a moderate correlation (r = 0.71 ) between the levels of mRNA related to bFGF and degree of adiposity, expressed as BMI. Fig. 4 illustrates that mitogenic factors contained in the conditioned medium bind to heparin and are eluted at a similar salt concentration as bFGF. Fig. 5 (Fig. 6) .
Congruent with previous findings (5, 9), mature adipocytes freshly isolated directly from omental fat tissue revealed bFGF- Fraction Number related mRNA expression at a low degree. To address the possibility that bFGF-related mRNA expression was related to the culture conditions, Northern blots were carried out with mRNA from whole (undigested) adipose tissue resected at surgery. As shown in Fig. 7 , the expression was intermediate between that in cultured preadipocytes and the level of in mature fat cells, suggesting that preadipocytes also express bFGF-related DNA in vivo. Fig. 8 indicates that preadipocytes isolated from both massively obese and noncorpulent persons had very similar dose responses to recombinant human bFGF.
Discussion
The expression ofa gene(s) encoding a protein related to bFGF in adipose cells is consistent with the production of heparin- binding (fibroblast) growth factors in numerous tissues (4, 5, 20) . The size ofthe mRNAs hybridizing with the cDNA probe for human bFGF, 7.0 and 3.7 kb, as well as minor transcripts of 3.5, 2.8, and 2.2 kb, are analogous to that described for other human cells (21 ) . The M, -66 kD of the mitogenic protein identified by Western blotting is similar to the size of a major species found in a variety of tissues (22, 23) , including the protein we isolated from bovine adenohypophyses, which stimulates the replication of preadipocytes (7). The lower molecular mass (Mr -32 kD) of the other mitogenic protein identified by the anti-(40-63)bFGF antibodies is similar to that of the oncogene products identified as belonging to the HBGF family (24) .
Dimerization and/or quadrimerization of the classic 18-kD protein could account forthe presence ofthe higher molecular mass proteins. Yet, this possibility was discounted as the (32, 33) . We have previously reported that omental preadipocytes from massively obese persons release into the culture medium significantly greater quantities of mitogenic proteins than preadipocytes from lean subjects (16) . As shown in this paper, bFGF-related proteins are the major mitogenic compounds released by preadipocytes from both the lean and massively obese subjects. The augmented production by cells from the obese is apparently not due to decreased sensitivity or responsiveness to these growth factors since the dose responses to bFGF were similar. The excessive production of heparin-binding growth factors by preadipocytes from massively obese per-. (2, 1 1 ) . Although it remains to be established, it is possible that the expression of bFGF-related proteins, which inhibit differentiation, is suppressed earlier or to a greater extent during differentiation of preadipocytes from the massively obese. In any case, it is known that their preadipocytes have an inordinate propensity to differentiation (12, 35) . Such facilitated differentiation, coupled to excessive proliferation, would culminate in the hyperplasia of mature fat cells characteristic of massive obesity (1, 2, 28) .
